
Dispersal Migration andDispersal, Migration and 
Navigation



What is animal dispersal?p

Animal movement away from an Animal movement away from an 
existing population/ locationexisting population/ locationexisting population/ location. existing population/ location. 



DISPERSALDISPERSAL:
1. Natal dispersal = permanent p p
movement an individual makes from 
its birth site to the place where itits birth site to the place where it 
reproduces.

2 Breeding dispersal = movement of2. Breeding dispersal  movement of 
adults between breeding attempts





Why animal disperse?Why animal disperse? 

Ultimate factors responsible for 
di ldispersal:
1) Inbreeding avoidance
2)   Competition for mates
3) Competition for resources (e.g., 3) Co pet t o o esou ces (e g ,

breeding territories)



Sex-biased dispersal

Among birds, the predominant 
di i i f ldispersing sex is female.





Sex-biased dispersal

Among birds, the predominant 
di i i f ldispersing sex is female.

Among mammals, the predominant 
dispersing sex is maledispersing sex is male.

Wh ?Wh ?Why? Why? 
Ground squirrels



What is animal migration ?g

A form of dispersal, movement away A form of dispersal, movement away 
from and subsequent return to thefrom and subsequent return to thefrom and subsequent return to the from and subsequent return to the 
same location on an annual basis.same location on an annual basis.



Migration: Predictable Migration: Predictable 
di idi idirectiondirection



Migration: Return to theMigration: Return to the
same areasame area



Blackpoll Warbler

Nearly half of all the breeding birds in NA are migrants



Arctic ternArctic tern

Habitat selection
12,000 miles each way

Habitat selection



The animals kingdom's longest 
migration award goes to the Sooty 
shearwater‐‐‐‐‐39,000 miles



Atlantic Salmon



L h d t tlLoggerhead sea turtle

Satellite transmitter



Wildebeest



Gray whale

Habitat selectionHabitat selection



Monarch butterfly: 3000 miles,Monarch butterfly: 3000 miles, 
multi‐generation migration



Travel South (fall): One generation
Eastern North AmericanEastern North American 
monarchs fly south using several 
flyways then merge into a singleflyways then merge into a single 
flyway in Central Texas.
3600km in 75 days: 50km per 
days

i iWintering
Overwintering Monarchs clustering on Oyamel trees (2500‐
3500 h i h ) i A Mi h M i3500 m height) in Angangueo, Michoacan, Mexico.





Travel North (spring): several generations

Early spring, to gulf coast, lay 
eggs. gg

Offspring of the first generation 
Great lake and southern 

Canada; lay eggs

Offspring of the second 
generation  to east; lay eggsg y gg

Offspring of the third generation 
fall migration



Why do animals migrate?

Ultimate causes?Ultimate causes? 



Why do animals migrate?y g
The The benefitsbenefits of migration: food and reproduceof migration: food and reproduce

1.     Abundant food in the north (temperate  1.     Abundant food in the north (temperate  
zone) during summer (insects…).zone) during summer (insects…).

2.     Less predators in the north during 2.     Less predators in the north during 
summer.summer.

3.     Longer hours of summer daylight in the 3.     Longer hours of summer daylight in the g y gg y g
north than staying in tropics.north than staying in tropics.

4.     Warmer temperature for wintering in 4.     Warmer temperature for wintering in 
tropics.tropics.



Why do animals migrate?Why do animals migrate?
The costs of migrationg

1. Energy: large fat reserve
2 Predator2. Predator



Why do animals migrate?Why do animals migrate?
The costs of migrationg

1. Energy:  large fat reserve
2 Predator2. Predator

Many predators wait at 
i t t it tmigratory stopover sites to

capture exhausted migrants



Migratory behavior:

learned or innate?learned or innate? 



Genetic basis of migratory 
behavior



Genetic basis of migratory behavior



Blackcaps: an European warblerp p
Population #1: fully 
migratory (centralmigratory (central   
Europe)

Population #2: non‐
migratory; resident all

1

migratory; resident all 
year long (an island 
close to Africa)

2

)

How do you design an experiment to determine
if the migratory behavior is innate or learned?



Blackcaps: an European warblerp p
Population #1: fully 
migratory (centralmigratory (central   
Europe)

Population #2: non‐
migratory; resident allmigratory; resident all 
year long (an island 
close to Africa))

Cross‐breed between migratory and non‐migratory ones

What are your predictions??



Blackcaps: an European warblerp p
Population #1: fully 
migratory (centralmigratory (central   
Europe)

Population #2: non‐
migratory; resident allmigratory; resident all 
year long (an island 
close to Africa))
F1 hybrids (fully migratory x resident) =  40% are migratory
Demonstrate that genetic control of the migratory behavior

Not all of F1 become migratory: not a single genetic locus determines
this behavioral trait. 



Blackcaps: Experiment #2
Two populations; both are 
migratory,  both are from 
central Europe.

But have different migratory 
routes:

Population 1: southwest routep

Population 2: southeastern

How do you design an experiment to determineHow do you design an experiment to determine
if the migratory behavior is innate or learned?



Blackcaps: Experiment #2
Two populations; both are 
migratory,  both are from 
central Europe.

But have different migratory 
routes:

Population 1: southwest routep

Population 2: southeastern

Cross‐breed between southwesters and southeasterns

And your predictions??



Blackcaps: Experiment #2
Two populations; both are 
migratory,  both are from 
central Europe.

But have different migratory 
routes:

Population 1: southwest routep

Population 2: southeastern

F1 hybrids (eastern x western migrants) =  intermediate direction

Demonstrate that genetic control of the migratory behavior



Blackcapsp

Not only the direction, but y
also distance is under 

ti t lgenetic control



Migratory distance is under g y
genetic control

Flight restlessness occurs at the 

time when birds migrate, the longer 
the migration route is, the longer the g , g

flight restlessness lasts when the

b d k hbird is kept in the cage



Proximate mechanisms of migration:
Physiological/ behavioral adaptation

1. Physiological adaptationy g p
increase body fat  1/3-1/2

2.   Behavioral changes
a flight restlessnessa. flight restlessness
b. change diurnal/nocturnal rhythm



Proximate mechanisms of migration:
How do animals migrate?How do animals migrate?

(you need to know where you are,
and where are you going to)

Orientation: determine compass direction 
Navigation: judge the position while travelingNavigation: judge the position while traveling 



Proximate mechanisms of migration:
NavigationNavigation

1.1.LandmarkLandmark
22 Sun compassSun compass2.2.Sun compassSun compass
3.3.Star compassStar compass
44 P l i d li htP l i d li ht4.4.Polarized lightPolarized light
5.5.Magnetic fieldMagnetic field
6.6.OdorOdor



1. Landmark

Design an experiment to determineDesign an experiment to determine
how landmark guide navigation?



2. Sun Compass 

Sun compass: animals can use the p
position of the sun for orientation

Design an experiment to determine
how sun compass guide migration?how sun compass guide migration?



1. Sun compass

Keep migratory birds in cages, 
where they can see the sun, 
record the direction and flightrecord the direction and flight 
restlessness at the time they 

usually migrate.



1. Laboratory setup to test orientation



1. Laboratory setup to test orientation



Sun compassp

European starling

Sun Overcast Mirror deflected Mirror deflectedSun                  Overcast      Mirror‐deflected  Mirror deflected
90 degree           90 degree



Many diurnal birds migrate 
at night 

William Cochran (1967) captured a migratingWilliam Cochran (1967) captured a migrating 
Gray‐cheeked thrush in Illinois and attached a 
tiny radio transmitter to it. At dusk, the thrushtiny radio transmitter to it. At dusk, the thrush 
took off, followed by the ornithologist in a small 
plane. A severe thunderstorm and shortage of p g
fuel forced their plane down that night, but the 
thrush flew on. After refueling, they relocated 
the bird in the vast night sky. The thrush landed 
at dawn in Wisconsin after flying 650 km on a 
firm compass bearing all night.



How to test nocturnal migrants migrate 
at night (and use what cues) ? 

Keep the migrants in cages:

1 When kept indoors they seem1. When kept indoors, they seem 
disoriented.

2. When kept in the same cage outdoors, 
they could see the sky. They are 
oriented!

Star compass



Design an experiment to test birdsDesign an experiment to test birds 

can use “star compass”.
Keep the migrants in a cage (ink pad on the bottom):

1. Birds oriented under natural night sky.

Indigo Bunting





Keep the migrants in a cage:

1. Birds orient under natural night sky

2 Birds oriented the same direction under2. Birds oriented the same direction under

the stationary sky of a planetarium.

Spring planetarium
sky

Spring planetarium
sky, rotate 180 degree

Control group,
No star.



Birds learn to recognize 
ttstar compassstar compass

Juveniles learn to read the star 
compass in a “sensitive period” 

before migrationbefore migration



Sun and star compass used to determine 
the direction of orientation.

Many migratory birds maintain the correctMany migratory birds maintain the correct 
orientation, even if the sky is obscured by 
clouds (can’t read sun or stars)clouds (can t read sun or stars)

Magnet compass





Cows can sense magnetic fieldCows can sense magnetic field

Researchers have found that when grazing or restingResearchers have found that when grazing or restingResearchers have found that when grazing or resting, Researchers have found that when grazing or resting, 
cattle and deer tend to point their bodies toward Earth'scattle and deer tend to point their bodies toward Earth's
magnetic poles, which suggests they are able to magnetic poles, which suggests they are able to g gg yg gg y
sensesense magnetic   magnetic   fieldsfields in the same way as many in the same way as many 
smaller animalssmaller animals..

German German and Czech researchers usedand Czech researchers used Google Earth Google Earth 
satellitesatellite images to look at 8 510 domestic cattle in 308images to look at 8 510 domestic cattle in 308satellite satellite images to look at 8,510 domestic cattle in 308 images to look at 8,510 domestic cattle in 308 
pastures located randomly across six continents. They pastures located randomly across six continents. They 
also studied body alignment in 2,974 red and roe deer ialso studied body alignment in 2,974 red and roe deer iy g ,y g ,
the Czech Republic, either by photographing the animathe Czech Republic, either by photographing the anima
or checking the impressions they left in snow.or checking the impressions they left in snow.





Magnetic g
signature



Magnet compass 

h h/ hGeographic north/south

is different from

Magnetic north/south

Design an experiment to determine
if magnetic field guides orientation?



Magnet compass g p

Change the magnetic fieldChange the magnetic field, 
birds change their orientation



How do animals perceiveHow do animals perceive 
magnetic field? 

1.Magnetic particles (magnetite)

2.Cryptochromeyp
(light-photoreceptor protein)



M i l h iMany animals have magnetic 
particles in the neurons to p
detect the magnetic field



Olfactory map:Olfactory map: 
smell their way home

Different locations have different odors;

A north wind and a west wind would 
each have a distinctive odor

Design an experiment to determine
if olfactory map guides orientation?if olfactory map guides orientation?



Olfactory map: 

Pigeons with blocked olfaction were 
h l lik l i lmuch less likely to orient accurately 

toward the home loft on release

Pigeons sniff their way home with right nostril



Further test of 
olfactory hypothesis

Baffles deflect the wind 
90 degree90 degree,

alter pigeon’s perceptions 
of the direction of odors



However,

The effect of blocking olfaction on 
orientation occurs only if pigeons

were released at an unfamiliar sitewere released at an unfamiliar site.



Conclusion:Conclusion: 

Many animals can use a 
combination of compass forcombination of compass for 
orientation or migration. 

Sun compass Star compass

lf

Polarized light

d kMagnet compass Olfactory map Landmark



H i tiHuman navigation



Manhattan London

It takes 3 years for London cab drivers to get license 



T i d i ' b i ' ' th j bTaxi drivers' brains 'grow' on the job

Taxi drivers given brain scans had a largerTaxi drivers given brain scans had a larger 
hippocampus compared with other people, part 
of the hippocampus grew larger as the taxi 
drivers spent more time in the job





Scientists used to think human brains would notScientists used to think human brains would not 
grow new neurons as adults. 

But now we know we do grow new neurons 
as adults andas adults, and…

The more you use your brainsThe more you use your brains, 
the more new neurons you grow,
and the healthier you are.and the healthier you are.


